A B S T R A C T The functional maturity of T and B lymphocyte populations from human newborns was evaluated using a reverse hemolytic plaque assay to detect immunoglobulin-secreting cells generated in in vitro cultures stimulated with pokeweed mitogen (PWM), a T cell-dependent polyclonal activator, and the Epstein-Barr virus (EBV), a T cell-independent B cell activator. Cord blood lymphocytes failed to produce immunoglobulin in response to PWM, but did respond with immunoglobulin synthesis to stimulation with EBV. Co-culture experiments demonstrated that cord blood T cells would inhibit immunoglobulin production by adult cells stimulated with PWM, but not with EBV. Cord blood T cells did suppress immunoglobulin production by cord blood B cells when stimulated with a mixture of EBV and PWM, indicating that cord blood, in contrast to adult blood, contains a population of suppressor T cell precursors that are easily activated by PWM. Irradiation of the cord blood T cells with 2,000 rad eliminated the suppressor activity and revealed normal helper function for immunoglobulin (Ig) G, A, and M when these T cells were co-cultured with adult B cells. Cord blood B cells co-cultured with adult T cells or irradiated cord blood T cells did produce immunoglobulin in response to PWM, but the response was significantly lower than that of adult B cells, and only IgM was produced in these cultures. These studies demonstrate that both the T and B cells of the human newborn have significant functional differences compared with the functions of T and B lymphocyte populations in adults. INTRODUCTION The immune status of the human neonate has been the subject of intense investigation for many years.
INTRODUCTION
The immune status of the human neonate has been the subject of intense investigation for many years.
Several features of the normal newborn immune sysReceived for publication 29 (1) . In addition, when tested in vitro, cord blood lymphocytes appear deficient in their ability to differentiate into plasma cells when stimulated with pokeweed mitogen (PWM)1 (2) (3) (4) (5) . Neonatal T cells are functionally mature in terms of their capacity to respond to mitogens by proliferation, and neonatal monocytes have achieved full activity as effectors in antibody-dependent cellular cytotoxicity (6, 7) . Previous studies have demonstrated that cord blood T cells inhibit in co-culture the proliferative responses of normal lymphocytes (8) (9) (10) (11) , and suppress PWM-induced differentiation of adult B cells into plasma cells in vitro (4, 5, (12) (13) (14) .
To clarify the contribution of lymphoid cell subsets to the relative unresponsiveness of the newborn, we have used a T cell-independent activator, the EpsteinBarr virus (EBV), and a T cell-dependent, macrophage-dependent mitogen, PWM, to evaluate the functional maturity of cord blood B and T cells. Our results suggest that combined B and T cell functional deficiencies account for the inability of newborns to express a normal antibody response in vitro.
METHODS Peripheral blood leukocytes. Cord blood was obtained at the time of delivery from normal uncomplicated pregnancies. Only cord blood samples obtained from uncomplicated deliveries without systemic anesthesia were studied. Immediately after delivery, but before the expulsion of the placenta, cord blood was allowed to drain into tubes containing 0.5 cm3 of preservative-free heparin. Venous blood was also ob- (16), and added at a final dilution of 50 Al/ml of culture. PWM was added at a final concentration of 10 ,ul/ml. After 7 d, the cultured cells were washed three times in balanced salt solution and the number ofimmunoglobulin-secreting cells (IgSC) was assessed in a reverse hemolytic plaque assay.
Reverse hemolytic plaque assay (RHPA). The principles of the RHPA have been previously described (17) (18) (19) . Briefly, 0.1 ml of the suspension to be tested was added to 0.25 ml of 1.12% agarose (Sea Plaque, Marine Colloids, Inc., Rockland, Maine) preheated to 43°C in 10 x 75-mm glass culture tubes. Then 0.025 ml of a 30% suspension of protein A-treated sheep erythrocytes was added to the tubes; the contents were mixed and transferred to 60 x 15-mm petri dishes that had been precoated with 4 ml of 2.5% agarose. The petri dishes were quickly swirled to distribute the cell-agar mixture into a uniform monolayer. 1 ml of appropriately diluted polyvalent rabbit anti-human antisera (with specificity for G, A, M, K, and L) or solid-phase absorbed class-specific rabbit antisera (with specificity for G, A, or M heavy chains) was added to each dish. After 1 h-incubation at 37°C, 1 ml of sheep erythrocyte-absorbed guinea pig complement (Gibco Diagnostics Laboratories) diluted 1:8 was added. After an additional hour of incubation, the supernatant fluid was aspirated and the number of plaques was determined under 7x magnification. Results are expressed as total number of IgSC per culture (means of duplicate determinations). The RHPA is used to determine the total number of IgSC present at any point in time in a given lymphocyte culture, regardless of the specificity of the antibody produced by those cells. This assay differs from competitive radioimmunoassays that measure the cumulative amount of immunoglobulin secreted into the culture media over the period of culture. Results obtained with the RHPA in our experience closely parallel those obtained with the radioimmunoassay. The immunoglobulin-secreting cell response in each group is expressed as the geometric mean. The statistical significance of differences between group means was determined with a two-tailed t test.
RESULTS
In vitro plaque-forming cell response to PWM antd EBV. The in vitro plaque-forming cell response to EBV has been shown to be T cell independent in adults (16) , while the response to PWM is T cell and macrophage dependent (20) (21) (22) (23) . The ability of cord blood MNC to respond to either PWM or EBV is shown in Fig. 1 (Table II) .
Class distribution of IgSC generated by cord blood B cells. The Previous reports have suggested that lymphoid cells from human newborns inhibit the proliferative responses of normal adult lymphocytes stimulated with mitogens or allogeneic cells (8) (9) (10) (11) . Similarly, and in (1) . This indicates that in human ontogeny there is a physiologic lag between the emergence of B lymphocytes and their ability to generate IgSC of all classes. It is tempting to speculate that the subset of patients with common variable hypogammaglobu linemia characterized by normal B cell profiles and normal IgM but absent IgG and IgA production may share a similar basis with this "physiologically limited" B cell activation of the normal human neonate.
